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Abstrat
Adsorption at a 1-dimensional planar substrate equipped with a
loalized hemial inhomogeneity is studied within the framework of a
ontinuum interfaial model from the point of view of interfaial mor-
phology and orrelation funtion properties. Exat expressions for the
one-point and two-point probability distribution funtions PΓ(lΓ) and
PΓ1,Γ2(lΓ1 , lΓ2), lΓ being the interfae position above a xed point Γ of
the substrate, are derived for temperature orresponding to the inho-
mogeneity's wetting transition. It is demonstrated that in the limit of
marosopi inhomogeneity's size the net eet of the remaining ho-
mogeneous parts of the substrate on the interfaial morphology above
the inhomogeneity is exatly equivalent to appropriate pinning of the
interfae at its boundaries. The struture of the average interfaial
morphology and orrelation funtion in this limit are disussed and
ompared to earlier results obtained for systems with homogeneous
substrate.
PACS numbers: 68.15.+e; 68.08.B
Keywords: Wetting, Adsorption
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1 Introdution
Adsorption phenomena taking plae at hemially patterned and geometri-
ally sulptured substrates have been a topi of growing interest in reent
years [1-8℄. Theoretial researh in this eld has been stimulated on one side
by rapid development of experimental methods of imprinting solid substrates
with strutures of sizes reahing nanometer sale [9-12℄, and on the other by
attrative future appliations, e.g. in the ontext of miro- and nanouidis
or nanotubes [13-14℄.
From theoretial point of view the interfaial morphologies and surfae
phase transitions at inhomogeneous substrates are most often studied via
methods based on mean-eld approah whih orretly desribe the system's
behaviour provided intermoleular fores are long-ranged or the system's di-
mensionality is large enough. On the other hand, utuations often mod-
ify the system's properties, whih is best seen in the ontext of 3d wetting
with short-ranged fores [15℄ or lling transitions in wedge-like geometries
[2℄. Additional interesting features emerge in the ase of two-dimensional
systems with hemially strutured substrates, where interfaial utuations
were shown to generate divergenes in thermodynami funtions, in parti-
ular - the point tensions (see [16-17℄). Exat results dealing with the ase of
inhomogeneous substrates are still rare though (see [16,18-19℄).
In this paper we are onerned with utuation eets aompanying
adsorption at a one-dimensional planar substrate equipped with a single
hemial impurity of width 2L. The system under study onsists of a two-
dimensional uid in a thermodynami state innitesimally lose to bulk
liquid-vapor oexistene and exposed to the aforementioned substrate, see
Fig.1. The hemial struture imposes non-uniformity of the adsorbed liquid-
like layer, whose morphology and utuations are investigated theoretially
in the present paper.
The system's temperature is xed at T = TW1, the ritial wetting tem-
perature of homogeneous substrate type 1, of whih the hemial hetero-
geneity is omposed, see Fig.1. The rest of the substrate, whih is referred
to as type 2, remains non-wetted by the liquid; the orresponding wetting
temperature TW2 is above TW1. The behaviour of the system in the limit
of marosopi inhomogeneity width 2L → ∞ is of our main interest here,
sine it orresponds to a typial experimental setup in whih the heterogene-
ity's size is muh larger than all orrelation lengths present in the system.
One also notes that the utuations' inuene on the system is most pro-
nouned in this limit. On phenomenologial grounds, onrmed by earlier
theoretial preditions [18,20℄ one may expet that the mean position of the
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Figure 1: A planar substrate equipped with a hemial inhomogeneity is
exposed to uid at bulk liquid-vapour oexistene. A layer of a liquid-like
phase is adsorbed near the substrate. The interfae at y = l(x) separates
the adsorbed liquid-like layer from the gas phase whih is stable in the bulk.
Type 1 substrate is wetted by the liquid, while substrate type 2 remains
non-wet.
interfae above the inhomogeneity entre, i.e. at x = 0, as well as interfa-
ial roughness and parallel interfaial orrelation length diverge for L→∞.
On the other hand, as was demonstrated in Ref.[17℄, these quantities re-
main bounded above the hemial impurity's boundaries at x = ±L. It is
then natural to ask about the behaviour of the harateristi loal lengths
in the intermediate region |x| ∈]0, L[, i.e., how strongly the utuations are
suppressed by the non-wet parts of the substrate depending on the distane
from the heterogeneity's boundary.
Our approah is based on a ontinuum interfaial model and allows for
exat derivation of the equilibrium probability distribution funtion PΓ(lΓ) of
nding the non-uniform two-phase interfae at height lΓ above a xed point
x = Γ loated at the inhomogeneity, as well as the two-point distribution
funtion PΓ1,Γ2(lΓ1 , lΓ2).
The outline of this paper is as follows: in Setion 2 we formulate the SOS
model for the system under study and desribe the methods we use to ob-
tain our results. In Setion 3 we derive and disuss the one-point probability
distribution funtion PΓ(lΓ) as well as the two-point probability distribution
funtion PΓ1,Γ2(lΓ1 , lΓ2). Setion 4 ontains alulation of the average inter-
faial shape 〈lΓ〉 as well as interfaial roughness 〈l2Γ〉 orresponding to the
limit of marosopi domain width. In Setion 5 the two-point probability
distribution funtion is utilized in order to obtain an expression for the in-
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terfaial orrelation funtion, whih depends on the two oordinates Γ1, Γ2.
In Setion 6 the results are summarized and ompared to earlier preditions.
2 The SOS model
The present study is based on a ontinuum interfaial SOS-type Hamiltonian
model, within whih one haraterizes the system's state is by a single-valued,
non-negative funtion l(x) desribing position of the interfae above the sub-
strate at loation x. As was demonstrated in Ref.[21℄ for the homogeneous
substrate ase, lose to wetting temperature this approah aptures all the
system's properties relevant at length sales muh larger than bulk orrela-
tion lengths, inter alia, it predits the same set of surfae ritial indies as
those obtained within 2D Ising model [22℄.
For the ase of bulk uid innitesimally lose to liquid-vapour oexistene,
i.e. for µ = µ−0 , µ0 being the hemial potential at oexistene, the SOS
Hamiltonian has the following struture
H[l] =
∫ X
−X
dx
[σ
2
( dl
dx
)2
+ V (x, l)
]
, (2.1)
where σ is the interfaial stiness parameter, and V (x, l) denotes the inter-
faial potential energy favouring the interfae loated near the substrate. In
the present analysis V (x, l) is taken as
V (x, l) = Θ(L− |x|)V1(l) + Θ(|x| − L)V2(l) , (2.2)
where Θ(x) is the Heaviside funtion. In the ase of periodi boundary
onditions l(−X) = l(X), the system's partition funtion represented by the
path integral Z(X,L) =
∫ Dle−H[l] [17,21℄ an be expressed as
Z(X,L) =
∫
dl−dl1dl2Z2(l1, l−, X−L)Z1(l2, l1, 2L)Z2(l−, l2, X−L) , (2.3)
where l− = l(±X), and l1 = l(−L), l2 = l(L) are positions of the interfae
at the inhomogeneity boundaries. The expression for the partition funtion
Zi(y1, y2, λ) orresponding to homogeneous substrate of type i = 1, 2, of
length λ, and with interfae endpoints xed at the boundaries at heights y1,
y2, respetively, was derived by Burkhardt (see Ref.[21℄) for the ase in whih
the potential Vi(l) ats only at very short distanes. In this paper we are
onerned exlusively with this ase. The partition funtion Z(X,L) given
by (2.3) was evaluated for arbitrary temperatures in Ref.[17℄, where it was
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then used to disuss the exess point free energy as funtion of temperature
and the width L. The probability distribution funtions and their moments,
whih an be obtained within this model for the speial ase T = TW1 have
not been disussed so far.
3 Probability distribution funtions
3.1 One-point probability distribution funtion
The one-point probability distribution funtion of nding the interfae at
height lΓ above a point Γ of the substrate is given by
PΓ(lΓ) = 〈δ(l(x = Γ)− lΓ)〉 , (3.1)
where 〈....〉 denotes averaging with the Boltzmann weight e−H[l], with H [l]
given by Eq.(2.1); the fator (kBT )
−1
is inluded into the Hamiltonian. For
Γ ∈]− L, L[ the above formula an be rewritten as
PΓ(lΓ) =
1
Z(X,L)
∫
dl−
∫
dl1
∫
dl2Z2(l1, l−, X − L)× (3.2)
×Z1(lΓ, l1, L+ Γ)Z1(l2, lΓ, L− Γ)Z2(l−, l2, X − L) .
The partition funtions Zi(y1, y2, λ) in Eq.(3.2) have the following spetral
representations in terms of orthonormal sets of solutions {ψ(i)n } to the orre-
sponding Shrödinger equations with eigenvalues E
(i)
n (see Ref.[21℄):
Zi(y1, y2, λ) =
∑
n
ψ(i)n (y1)ψ
(i)∗
n (y2)e
−E(i)n λ . (3.3)
For temperatures below TW2 the spetrum {E(2)n } orresponding to type 2
substrate ontains a negative lowest eigenvalue E
(2)
0 . It follows, that replaing
Z2(l1, l−, X−L) and Z2(l−, l2, X−L) in Eq.(3.2) by ψ(2)0 (l1)ψ(2)∗0 (l−)e−E
(2)
0 (X−L)
and ψ
(2)
0 (l−)ψ
(2)∗
0 (l2)e
−E(2)0 (X−L)
, respetively, is equivalent to negleting terms
of the order eE
(2)
0 (X−L)
, whih vanish in the limit of innite substrate size
X → ∞. Bearing this in mind one an straightforwardly perform the inte-
gration over l− in Eq.(3.2) to obtain
PΓ(lΓ) =
∫
dl1
∫
dl2ψ
(2)
0 (l1)ψ
(2)∗
0 (l2)Z1(lΓ, l1, L+ Γ)Z1(l2, lΓ, L− Γ)∫
dl1
∫
dl2ψ
(2)
0 (l1)ψ
(2)∗
0 (l2)Z1(l2, l1, 2L)
, (3.4)
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where the limit X → ∞ has been taken. The remaining integrals an be
performed after inserting the spei forms of ψ
(2)
0 and Z1 orresponding to
T = TW1 (see Ref.[21℄), namely
ψ
(2)
0 (y) =
√−2τ2eτ2y , (3.5)
Z1(y1, y2, λ) =
√
σ
2piλ
[
e−σ(y2−y1)
2/2λ + e−σ(y1+y2)
2/2λ
]
, (3.6)
where τ2 = −
√
2σ/ξ2 ∼ (T − TW2). It is onvenient to introdue the
following dimensionless variables: λ0 =
√
2L/ξ2, λ+ =
√
(L+ Γ)/ξ2,
λ− =
√
(L− Γ)/ξ2, y = lΓ/(2ξ2⊥), where ξ2 and ξ2⊥ are the parallel and
perpendiular orrelation lengths desribing interfaial utuations above in-
nite and uniform substrate of type 2. The quantities ξ2, ξ2⊥ an be expressed
in terms of the stiness parameter σ and the eigenvalue E
(2)
0 [21℄, and both
diverge as T approahes TW2, whih is aompanied by the eigenvalue E
(2)
0
inreasing to zero. In terms of the above dimensionless parameters the dis-
tribution PΓ(lΓ) takes the following form
PΓ(y) = e
λ20
[
eλ
2
0
Erf(λ0) +
2√
pi
λ0 − 2λ20eλ
2
0
Erf(λ0)
]−1
× (3.7)
×
{
Erf
(
− y
λ+
+ λ+
)[
e−4yErf
(
− y
λ−
+ λ−
)
+ Erf
( y
λ−
+ λ−
)]
+
+Erf
( y
λ+
+ λ+
)[
e4yErf
( y
λ−
+ λ−
)
+ Erf
(
− y
λ−
+ λ−
)]}
,
where Erf(x) stands for the omplementary error funtion
Erf(x) = 1− Erf(x) = 2√
pi
∫ ∞
x
e−t
2
dt . (3.8)
The probability distribution funtion PΓ(lΓ) is a dereasing funtion of lΓ at
any point Γ, see Fig.2. Asymptotially this deay is of exponential type with
harateristi deay length set by ξ2⊥.
3.2 Two-point probability distribution funtion
The two-point probability distribution funtion PΓ1,Γ2(lΓ1, lΓ2) of nding the
interfae at points (Γ1, lΓ1) and (Γ2, lΓ2) in the (x, y) plane
PΓ1,Γ2(lΓ1 , lΓ2) = 〈δ(l(x = Γ1)− lΓ1)δ(l(x = Γ2)− lΓ2)〉 (3.9)
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Figure 2: The probability distribution funtion PΓ(y) plotted for L/ξ2 = 100
and for two partiular hoies of Γ. The solid urve orresponds to the
inhomogeneity enter Γ = 0, while the dashed one to the lose viinity of the
inhomogeneity's boundary Γ/L = 0.99. Approahing Γ = 0 is aompanied
by attening the distribution funtion's prole, whih indiates growth of the
interfaial utuations' magnitude.
with Γi ∈ (−L, L) an be written in the form
PΓ1,Γ2(lΓ1 , lΓ2) =∫
dl1
∫
dl2ψ
(2)
0 (l1)ψ
(2)∗
0 (l2)Z1(lΓ1, l1, L+ Γ1)Z1(lΓ2, lΓ1 ,Γ2 − Γ1)Z1(l2, lΓ2, L− Γ2)∫
dl1
∫
dl2ψ
(2)
0 (l1)ψ
(2)∗
0 (l2)Z1(l2, l1, 2L)
,
(3.10)
where we assumed Γ2 > Γ1 and passed to the limit X →∞. After inserting
the spei form of Z1 orresponding to T = TW1, Eq.(3.6) into the above
integrals one obtains
PΓ1,Γ2(y1, y2) =
[
eλ
2
0
Erf(λ0) +
2√
pi
λ0 − 2λ20eλ
2
0
Erf(λ0)
]−1 1√
pi∆Γ˜
× (3.11)
×eλ21++λ22−
(
Erf
(
− y1
λ1+
+ λ1+
)
e−2y1 + Erf
( y1
λ1+
+ λ1+
)
e2y1
)
×
×
(
Erf
(
− y2
λ2−
+λ2−
)
e−2y2+Erf
( y2
λ2−
+λ2−
)
e2y2
)(
e−
(y2−y1)
2
∆Γ˜ +e−
(y2+y1)
2
∆Γ˜
)
,
where λ1+ =
√
(L+ Γ1)/ξ2, λ2− =
√
(L− Γ2)/ξ2, y1 = lΓ1/(2ξ2⊥),
y2 = lΓ2/(2ξ2⊥), ∆Γ˜ = (Γ2−Γ1)/ξ2. A plot of PΓ1,Γ2(y1, y2) for a partiular
hoie of system parameters is provided in Fig.3.
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Figure 3: The probability distribution funtion PΓ1,Γ2(y1, y2) plotted for
L/ξ2 = 100, Γ1/L = 0.1, Γ2/L = 0.2.
In the next step we shall onentrate on deriving the moments 〈y〉 and 〈y2〉
of the probability distribution funtion PΓ(y) as well as the moment 〈y1y2〉
of PΓ1,Γ2(y1, y2) in the asymptoti regime L/ξ2 ≫ 1 and (L − Γ)/ξ2 ≫ 1.
For this purpose we rst note that the arguments of the error funtions in
PΓ(y) and PΓ1,Γ2(y1, y2) are of the order
√
L/ξ2 (i.e., very large ompared to
1) at any xed y (or y1, y2 in the ase of PΓ1,Γ2(y1, y2)). On the other hand
for those values of y, y1, y2 for whih the error funtions' arguments beome
of the order unity, PΓ and PΓ1,Γ2 are of the order ∼ e−L/ξ2⊥ , see Eq.(3.7),
(3.11). It follows that the ontributions to the integrals determining the
aforementioned moments that are relevant in the large L regime ome only
from those values of y, y1, y2, for whih the arguments of the error funtions
are large. One may therefore utilize the asymptoti expansion of Erf(x)
around innity in order to ompute the quantities of interest.
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4 Mean interfaial shape and roughness
The mean equilibrium interfaial shape 〈lΓ〉 is given by the rst moment of the
probability distribution funtion, Eq.(3.7), whih we evaluate in the regime
of marosopi droplet height, i.e., for L/ξ2 ≫ 1 and for (L− Γ)/ξ2 ≫ 1 by
substituting Erf(±y/λ± + λ±) with 1√piλ± e−(±y/λ±+λ±)
2
. It follows that 〈lΓ〉
fullls the following relation
〈lΓ〉√
L
−→ 1√
piσ
√
1− Γ
2
L2
(4.1)
for L/ξ2 → ∞. The above expression orresponds to the upper root of an
ellipse, whose long axis of length L is oriented along the substrate, and the
short axis' length equals
√
L
σpi
. Note that the above asymptoti interfaial
shape does not depend on τ2. We may now ompare 〈lΓ〉 in Eq.(4.1) to the
droplet shape alulated for a system onsisting of an interfae utuating in
presene of a homogeneous 1-dimensional substrate in the ase where the in-
terfaial endpoints are pinned (see Ref.[21℄). These shapes appear exatly the
same, whih means that the net inuene the substrate at x ∈]−∞,−L[ and
x ∈]L,∞[ exerts on the interfaial morphology above the hemial impurity
is equivalent to pinning the interfae at the inhomogeneity boundaries lose
to the substrate. This onlusion refers to the marosopi limit L → ∞.
One also notes, that the saling interfaial shape in the form of an ellipse
was obtained for the ase of long-ranged van der Waals type interations via
mean eld approximation, see Ref.[23℄. From Eq.(3.7) one nds the droplet
height 〈l0〉 divergent as
√
L in the onsidered limit of large L. This may be
ompared to mean-eld results [18,20℄ whih predit logarithmi divergene
of 〈l0〉. As was argued in Ref.[18℄, the mean eld theory gives orret predi-
tion regarding 〈l0〉 for d=3 system in whih interfaial utuations are taken
into aount. From Eq.(4.1) one onludes, that for Γ = γL, where γ ∈ (0, 1),
〈lΓ〉 diverges as
√
1−γ2√
piσ
√
L, while in the ase Γ = L − δΓ, δΓ being small as
ompared to L, but muh larger than ξ2, one obtains 〈lΓ〉 ∼
√
2
piσ
(δΓ)1/2 for
large L.
The moment 〈l2Γ〉 an be omputed for large L analogously to 〈lΓ〉. How-
ever, one may also derive this quantity without referene to any asymptoti
expansion and for arbitrary values of L. This alulation is skethed in the
Appendix. It appears, that for L/ξ2 ≫ 1, 〈l2Γ〉 obeys the following saling
〈l2Γ〉
L
−→ 1
2σ
(
1− Γ
2
L2
)
. (4.2)
9
It follows, that the interfaial roughness 〈l2Γ〉− 〈lΓ〉2 diverges as Lσ (12 − 1pi )(1−
Γ2
L2
), whih is again the same formula, as one obtains by onsidering a homo-
geneous substrate with a utuating interfae pinned at the boundaries.
5 Interfaial orrelation funtion
The SOS model disussed in the present paper gives analyti insight into the
struture of the orrelation funtion in the limit L/ξ2 ≫ 1. Let us reall that
in the present analysis T = TW1 whih means that type 1 substrate is wetted
by the liquid. This implies that in the homogeneous ase the orresponding
orrelation length ξ1 is innite. On the other hand the utuations are sup-
pressed by the presene of the outer, semi-innite non-wet substrate parts.
Whether for nite L there exists a orrelation length ξ(L,Γ1,Γ2) desribing
the magnitude of orrelations between interfaial utuations above points
Γ1 and Γ2 is not obvious at all. Below we show, that no suh quantity arises
in the regime L/ξ2 ≫ 1 and that the orrelation funtion diverges linearly
for L/ξ2 → ∞ provided the points Γ1, Γ2 are hosen so that (L − Γi) ≫ ξ2
for i = 1, 2.
The two-point interfaial orrelation funtion G(Γ1,Γ2, L) is dened by
G(Γ1,Γ2, L) = 〈lΓ1lΓ2〉 − 〈lΓ1〉〈lΓ2〉, (5.1)
where 〈lΓ1lΓ2〉 =
∫
dlΓ1dlΓ2lΓ1lΓ2PΓ1,Γ2(lΓ1 , lΓ2).
To evaluate 〈lΓ1lΓ2〉 we follow the sheme devised in the preeding setions
and replae the error funtions in PΓ1,Γ2(lΓ1 , lΓ2) with their asymptoti at
innity. Integration over one of the variables is than straightforward, while
the seond integral is expressed in terms of the hypergeometri funtion 2F1
[24℄ leading to
〈y1y2〉 = 1
M
4
pi3/2
1√
∆Γ˜
[ λ1+λ2−∆Γ˜2
2(λ21+ +∆Γ˜)(λ
2
2− +∆Γ˜)
+ (5.2)
+
λ31+λ
3
2−
(λ21+ + λ
2
2− +∆Γ˜)2
2F1
(1
2
, 2,
3
2
,− λ
2
1+λ
2
2−
∆Γ˜(λ21+ + λ
2
2− +∆Γ˜)
)]
,
where
M = eλ
2
0
Erf(λ0) +
2√
pi
λ0 − 2λ20eλ
2
0
Erf(λ0) . (5.3)
An example of the G plot is provided in Fig.4. To obtain a more transparent
expression for the orrelation funtionG(Γ1,Γ2, L) we fous on the ase where
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Figure 4: The orrelation funtion G plotted as a funtion of Γ2 at xed
Γ1 = 0 and L/ξ2 = 100 in the range Γ2 ∈ (0, L).
the points Γ1, Γ2 are separated by a distane muh shorter than L and L−Γ2,
i.e., we assume ∆Γ˜≪ λ21+ and ∆Γ˜ ≪ λ22−. Using the asymptoti properties
of the hypergeomerti funtion 2F1
2F1(
1
2
, 2,
3
2
,−x) = pi
4
1√
pi
− 1
3
1
x2
+O( 1
x3
) , (5.4)
we obtain the asymptoti behaviour of G(Γ1,Γ2, L) in the form
G(Γ1,Γ2, L)
L
−→ 1
σ
[1
2
(
1 +
Γ1
L
)(
1− Γ2
L
)
− 1
pi
√
1− Γ
2
1
L2
√
1− Γ
2
2
L2
]
, (5.5)
whih shows that under the restritions imposed on the parameters Γ1, Γ2
the deay of orrelations is in fat linear in ∆Γ˜, and that for xed Γ1, Γ2 the
orrelations grow linearly as a funtion of L. For Γ1 = Γ2 one reovers the
loal roughness derived in Setion 4, Eq.(4.2). The appliability of Eq.(5.5) is
strongly limited by the aforementioned restritions. On the other hand also
in formula (5.2) one does not observe the presene of terms of type e−∆Γ/ξ,
whih typially desribe the deay of orrelations in non-ritial systems.
6 Summary
In this paper we analyzed the properties of a two-dimensional model of ad-
sorption at a substrate equipped with a single hemial impurity. We were
onerned with the ase, when the inhomogeneity is wetted by the liquid
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phase of the uid to whih the substrate is exposed, while the rest of the
substrate remains non-wet. The behaviour of mean loal interfaial posi-
tion, interfaial roughness and orrelation funtion was investigated in the
asymptoti regime of large inhomogeneity's width 2L, for whih the system
beomes ritial and is utuation-dominated. The type of divergene of
these quantities in the onsidered limit was determined depending on the
distane from the inhomogeneity's boundary. The results were obtained by
diretly alulating the one- and two-point probability distribution funtions
PΓ(lΓ) and PΓ1,Γ2(lΓ1 , lΓ2), and then investigating the asymptoti properties
of their moments. Our onlusions are as follows:
• Both mean interfaial position 〈lΓ〉 and roughness (〈l2Γ〉 − 〈lΓ〉2)1/2 di-
verge in the limit L → ∞ at any point Γ whih is separated from the
inhomogeneity's boundary by a distane muh larger than the parallel
orrelation length ξ2 orresponding to homogeneous substrate of type 2.
For Γ = γL, where γ ∈ (0, 1), the quantity 〈lΓ〉 diverges as
√
1− γ2√L,
while for Γ = L−δΓ, δΓ being small as ompared to L, but muh larger
than ξ2, one obtains 〈lΓ〉 ∼ (δΓ)1/2. The mean loal height and rough-
ness lose to the hemial struture's boundaries remain bounded even
for innite L, as was already noted in Ref.[17℄. The harater of the
divergene of the loal roughness is the same as for 〈lΓ〉.
• The limiting forms of the mean interfaial shape as well as interfaial
roughness are independent of the properties of substrate 2 and are the
same as those obtained for a system omposed of an interfae utu-
ating above a homogeneous substrate of xed length 2L provided the
interfae endpoints at −L and L are pinned at a nite distane from
the substrate. This means that from the point of view of the system's
large-sale behaviour in the region above the hemial struture, the
presene of the non-wetted parts of the substrate an be exatly im-
itated by a system with a homogeneous substrate upon binding the
interfae at −L and L.
• The obtained proles of 〈lΓ〉 and (〈l2Γ〉−〈lΓ〉2)1/2 desribe ellipses, whose
x-axis length equals 2L, and y-axis lengths are or the order
√
L and
are inversely proportional to
√
σ.
• We investigated the struture of the interfaial orrelation funtion
G(Γ1,Γ2, L) in the asymptoti limit of large L and found no indiation
of presene of terms of type e−(Γ2−Γ1)/ξ (Γ2 > Γ1), whih often desribe
deay of utuations in non-ritial systems. The orrelation funtion's
amplitude grows linearly with L, and the orrelations deay linearly
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with Γ2 − Γ1 under the restritions that Γ2 − Γ1 ≪ L and Γ2 − Γ1 ≪
L− Γ2.
7 Appendix
In this Appendix we disuss the expression for the moment 〈l2Γ〉 of the prob-
ability distribution funtion PΓ(y) given by Eq.(3.7). The quantity 〈l2Γ〉 is
alulated for arbitrary L and Γ ∈ (−L, L) by noting that PΓ(y) is invariant
with respet to the inversion y −→ −y. This allows us to write 〈l2Γ〉 in the
following form
〈y2〉 =
∫ ∞
−∞
dyy2
[
Erf(λ0) +
2√
pi
λ0e
−λ20 − 2λ20Erf(λ0)
]−1
× (A.1)
×
[
e−4yErf
(
− y
λ+
+λ+
)
Erf
(
− y
λ−
+λ−
)
+Erf
(
− y
λ+
+λ+
)
Erf
( y
λ−
+λ−
)]
.
The above integrals are performed by substituting U(y) = Erf
(
− y
λ+
+λ+
)
,
V ′1(y) = y
2e−4yErf
(
− y
λ−
+ λ−
)
, V ′2(y) = y
2
Erf
(
y
λ−
+ λ−
)
, and integrating
by parts. This way one arrives at an integral that no longer involves produts
of the error funtions. In the next step we insert the integral representation
(Eq.(3.8)) of the error funtion into the obtained formula and integrate over
y and the remaining variable. This yields the following expression
〈y2〉 = 2√
pi
[
Erf(λ0) +
2√
pi
λ0e
−λ20 − 2λ20Erf(λ0)
]−1
× (A.2)
×
[( 1
12
λ60+
1
12
λ40+
1
8
λ20+λ
2
0Γ˜
2
)e−λ20
λ0
+
√
pi
(
− 1
12
λ60−
1
8
λ40−λ20Γ˜2−
1
2
Γ˜2+
1
16
)
Erf(λ0)
]
,
from whih it follows, that 〈y2〉 is quadrati in Γ˜ at arbitrary L.
Utilizing the asymptoti expansion Erf(x) = 1√
pix
e−x
2
(1 − 1
2x2
+ 3
4x4
−
15
8x6
+O( 1
x8
)) one obtains the following formula valid for L/ξ2 ≫ 1
〈l2Γ〉 =
L
2σ
(
1− Γ
2
L2
)
+ ξ2⊥
(
1 +
Γ2
L2
)
+O
(ξ2
L
)
, (A.3)
whih up to the leading terms is equivalent to Eq.(4.2).
One may also explore the asymptoti regime of Eq.(A.2) orresponding
to L/ξ2 ≪ 1. For this ase we obtain
〈l2Γ〉 =
1
2
ξ2⊥
[
1 + 2λ20 −
8
3
√
pi
λ30 − 8
(1
4
λ40 + Γ˜
2 +O(λ50)
)]
. (A.4)
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For L/ξ2 = 0 the result for homogeneous substrate type 2 is reovered. One
observes that the two leading L-dependent orretions are not inuened by
the value of Γ.
The method we used to obtain 〈l2Γ〉 for arbitrary L may also be applied
to ompute higher even moments of the distribution PΓ(lΓ). However, it fails
in the ase of the odd moments, whih we were able to obtain only in the
asymptoti regime L/ξ2 ≫ 1, as desribed in the main text.
Aknowledgment
This work has been supported by the Ministry of Siene and Higher Edu-
ation via the grant N202 076 31/0108.
14
Referenes
[1℄ H. Gau, S. Herminghaus, P. Lenz, R. Lipowsky, Siene 283, 46 (1999)
[2℄ C. Rasón, A. O. Parry, Nature 407, 986 (2000)
[3℄ R. Verberg, C. M. Pooley, J. M. Yeomans, A. C. Balazs, Phys. Rev.
Lett. 93, 184501 (2004)
[4℄ N. Pesheva, J. De Conink, Phys. Rev. E 70, 046102 (2004)
[5℄ P. P. Wessels, M. Shmidt, H. Löwen, Phys. Rev. Lett. 94, 078303 (2005)
[6℄ C. Rasón, A. O. Parry, Phys. Rev. Lett. 94, 096103 (2005)
[7℄ F. Porheron, P. Monson, M. Shoen, Phys. Rev. E 73, 041603 (2006)
[8℄ M. Tasinkevyh, S. Dietrih, Phys. Rev. Lett. 97, 106102 (2006)
[9℄ J. Drelih, J. Wilbur, J. Miller, G. Whitesides, Langmuir 12, 1913 (1996)
[10℄ J. Woodward, H. Gwin , D. Shwartz, Langmuir 16, 2957 (1999)
[11℄ L. Rokford, T. Liu, P. Mansky, T. Russell, Phys. Rev. Lett. 82, 2602
(1999)
[12℄ A. Cheo, O. Gang, B. M. Oko, Phys. Rev. Lett. 96, 056104 (2006)
[13℄ M. M. Dupin, I. Halliday, C. M. Care, Phys. Rev. E 73, 055701 (2006)
[14℄ K. Yum, M-F. Yu, Phys. Rev. Lett. 95, 186102 (2005)
[15℄ A. O. Parry, J. Phys.: Condens. Matter 8, 10761 (1996)
[16℄ D. B. Abraham, F. Lartémolière, P. J. Upton, Phys. Rev. Lett. 71, 404
(1993)
[17℄ P. Jakubzyk, M. Napiórkowski, A. O. Parry, Phys. Rev. E, 74, 031608
(2006)
[18℄ A. Parry, E. Madonald, C. Rasón, J. Phys.: Condens. Matter 13, 383
(2001)
[19℄ P. Nowakowski, M. Napiórkowski, J. Phys. A: Math. Gen. 38, 5885
(2005)
15
[20℄ P. Jakubzyk, M. Napiórkowski, J. Phys.: Condens. Matter 16, 6917
(2004)
[21℄ T. W. Burkhardt, Phys. Rev. B 40, 6987 (1989)
[22℄ D. Abraham, Phys. Rev. Lett. 44, 001165 (1980)
[23℄ C. Bauer, S. Dietrih, Phys. Rev. E 60, 6919 (1999)
[24℄ Gradshtein I and Ryzhik I.,Table of Integrals, Series and Produts ,
Aademi Press In. (1965)
16
